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This  document r ep resen t s  the seventh quar te r ly  r epor t  of 

a NASA Resea rch  P r o g r a m  t o  study synchronization techniques 

for optical  communication sys tems.  The  work  is being c a r r i e d  

out at the E lec t r i ca l  Engineering Department at the University 

of Southern California, under NASA Contract No. NGR 05-018-104 

with P ro fes so r  R. M. Gagliardi as principal investigator. This  

gran t  began as par t  of the r e s e a r c h  program at NASA's Goddard 

Space Flight Center ,  Greenbelt ,  Maryland. 

This  study program is devoted to  a n  investigation of 

problems associated with synchronizing a n  optical  communication 

sys tem.  

a s s e s s  sys t em performance,  and predict  future a r e a s .  of needed 

study in synthesizing and improving syste.m operation, The  organi-  

zation and guideline of the study, the par t icular  problem a r e a s ,  and 

the i r  applications a r e  covered in the first quar te r ly  report ,  March, 

1969. 

The  objective of the effort is to  indicate design procedures ,  

The  r e s e a r c h  effort i s  p r imar i ly  analyt ical  in nature,  and is 

The f i r s t  involves tasks  with d i rec t  divided into two categories .  

application to  the synchronization problem, while the second involves 

re lated a r e a s  a l so  being studied under the gran t ,  This  document 

r epor t s  technical progress  during the s ixth qua r t e r ,  but detailed 

resu l t s  w i l l  be published in separa te  in te r im repor t s ,  and a r e  

omitted here .  
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During the qua r t e r  two technical repor t s  of study work have been 

published, summar iz ing  e a r l i e r  investigations: 

Optical  Synchronization - Phase  Locking with Shot Noise P r o c e s s e s  

au thors  R. Gagliardi and M. Haney USCEE Report  396, August, 1970. 

Abs t rac t  
~ 

This  repor t  r ep resen t s  the resu l t s  of a study effort  examining t ime 

synchronization in a n  optical  communication system. Consideration 

is given pr imar i ly  to  t ime  locking by means of a phase lock tracking 

loop. 

produces a shot noise random process  at its output; synchronization 

ana lys i s  r equ i r e s  a study of phase locking with shot noise processes .  

Since photo-detection of an intensity modulated optical beam 

A statistical ana lys i s  of tracking shot noise is presented. Of par t icular  

in te res t  is the probability density of the t racking e r r o r ,  which indicates 

the behavior of the loop dilring tracking, aiid therefore  is directly 

re la ted to  the abil i ty to maintain accu ra t e  synchronization. The r e su l t s  

of the study a l s o  have application to  ranging and doppler t racking using 

optical  sys t ems .  

Communication Theory  for  the’ F r e e  Space Optical Channel authors  

R .  M. Gagliardi (USC), S. Karp  (ERC), E. O’Neill (Worcester  Poly),  

USCEE 397, August, 1970. 

paper -in the IEEE spec ia l  i s sue  on Optical Communications, October,  1970. 

Abs t rac t  / 

The objective of this  paper is to summar ize  the cu r ren t  understanding of 

quantum de tec tors  the noise mechanisms which limit ( a r e  bas i c  to) t he i r  

operation, and the i r  application to  optical  communication (theory). In 

This r epor t  will  be published as a n  invited 

’ 

this  context, we consider channels in which the electromagnet ic  field is 

not subjected t o  any propagation effects other than a geometr ic  loss .  

a channel would exis t  between satell i tes.  } 

the tools of s ta t i s t ica l  communication theory is presented. 

(Such 

Optimum t ime  processing using 



The following r epor t s  summarizing other  recent tc-2.rhnir2-l x ~ c r k -  - r e  p r e s e z t l  Y. 
in p rogres s :  

1) Counting Stat is t ics  with Extended Optical Detectors  au thors ,  R. Gagliardi,  

U. Fa r rukh .  

2) Narrow Band Optical Detection - Laguerre  Detection Theory  authors  

R. Gagliardi,  N. Mohanty. 

Recent r e s e a r c h  pr imar i ly  devoted to study in the following areas: 

Computation of e r r o r  probabilities associated with Lague r re  counting 

s ta t i s t ics .  

probabilities fo r  all possible significant operating conditions. 

r e su l t s  he re  will  be par t icular ly  applicable to the study of digital 

optical  sys t ems  at extremely high information r a t e s  (when the 

information bandwidth approaches the optical  bandwidth). 

Effect of imperfect  synchronization on digital  optical  sys tems.  

the aforementioned computer p rogram the r e su l t s  can  be modified to  

account for  imperfect  t ime synchronization in the overal l  sys tem.  

Channel capacity of a n  optical communication link. 

a theoret ical  appraoch to  the a s s e s s m e n t  of synchronization techniques 

to  a n  overal l  optical communication sys tem.  

A computer program has been prepared  to  plot e r r o r  

The  

Using 

This  a r e a  affords 


